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Reply to Office Action of December 8, 2008 

REMARKS 

Status of the Claims 

Claims 1-21 were pending in the application. 
Claims 10-13 have now been canceled. 

Claims 4 and 14-20 are withdrawn from consideration as being directed to a non-elected 
invention. 

New claims 22 and 23 have been added. 

Claims 1, 3 and 5 have been amended without prejudice or disclaimer of the subject 
matter contained therein. 

Support for the amendment to claim 1 can be found in the Specification on page 3, lines 

1-7. 

Support for the amendment to claim 3 can be found in the Specification, for example on 
page 8, line 5; page 13, lines 16-18; and page 14, lines 10-11, to name but a few. 

Claim 5 has been amended by deleting the word ''and" that connected (a) and (b). 
Support for new claim 22 can be found in the Specification at page 3 1 , example 1 . 
Support for new claim 23 can be found in the Sequence Listing (SEQ ID N0:1). 
No new matter has been added. 

Information Disclosure Statement 

The Examiner states that the Information Disclosure Statement (IDS) submitted 
November 23, 2005 fails to comply with 37 CFR 1.98(a)(2) because no English translation of the 
pertinent section of German language publication EP 1043399 was submitted. 
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Applicants have submitted herewith under separate cover a replacement IDS with an 
English language equivalent of the EP 1043399 publication. 

Claim Objections 

The Examiner has objected to claim 5 for improper use of the word "and" such that the 
elected invention (SEQ ID N0:1) is unclear. 

Applicants have deleted the word "and," thereby obviating the objection. 

Rejections Under 35 USC § 102 

The Examiner has rejected claim 1 as anticipated by Kato et al. The Examiner contends 
that Kato et al. teaches the recovery, cloning and sequence analysis of hepatitis C having a 
sequence clustering around genotype 2a and which contains the 5' UTR, NS3, NS4A, NS4B and 
3 ' UTR regions. 

Applicants have amended claim 1 to distinguish the claimed subgenomic replicon RNA 
from the full replicon RNA disclosed in Kato et al. The Kato et al. publication reports the 
isolation of an entire genome of HCV, genotype 2a whereas the instant claims contain less than 
the entire genome. 

Applicants have also introduced new claim 22, which is directed to construct containing a 
nucleic acid construct comprising an HCV genotype 2a replicon of RNA containing at least the 
5' untranslated region, the nucleotide sequence encoding NS3 protein, NS4A protein, NS4B 
protein, NS5A protein and NS5B protein and the 3' untranslated region operatively linked to a 
heterologous regulatory region. The Kato et al. publication does not disclose such constructs. 
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Rejections Under 35 USC § 103 

The Examiner has rejected claims 1, 2 and 6-13 as obvious over Ikeda et aL in view of 
Kato et al. The Examiner first addresses claims 10-13, noting that the language suggests but does 
not require steps to be performed or does not limit the claim to a particular structure. The 
Examiner next contends that Ikeda et al describe selectable subgenomic RNAs derived from the 
HCV-N strain capable of self-replication in cultured human hepatocyte cell line Huh7 with 
selection for G418 resistance following transfection. Clones containing a 5' UTR, Neo gene, 
EMCV IRES, NS3, NS4A, NS4B, NS5A, NS5B and 3' UTR regions are described. The 
Examiner concludes that a skilled artisan would be motivated to combine the Ikeda et al. 
teachings with the HCV 2a genotype described by Kato et al. to obtain the instant invention and 
would have a reasonable expectation of success. Applicants respectfully traverse. 

As a preliminary matter, Applicants note that claims 10-13 have been canceled, thereby 
obviating the rejections based upon these claims. 

Applicants next note that Ikeda et al, neither describe nor suggest a reasonable 

expectation of success in obtaining self-replicable subgenomic RNAs derived from an HCV 

strain of genotype 2a. While Ikeda et al. describe the production of self-replicable subgenomic 

RNAs derived from the HCV-N strain of HCV genotype lb, they state on page 3004, first 

paragraph of the discussion: 

"Importantly, however, only HCV replicons derived from a single, genotype lb 
strain of HCV, Conl, have been shown previously to be replication 
competent. Efforts to derive replication-competent, subgenomic RNAs from 
known infectious cDNAs of the genotype la, H77C virus (13, 25), have proven 
unsuccessful 4; our unpublished data)" (emphasis added). 
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Thus, Ikeda et al clearly teach that it is difficult to apply the production of self-replicable HCV 
subgenomic RNA derived from the HCV-N strains of genotype lb to HCV strains other than 
those of genotype lb to produce self-replicable subgenomic RNAs. In other words, a skilled 
artisan would understand Ikeda et al. to teach that there would be little expectation of success in 
applying its teachings to the HCV genotype 2a disclosed in Kato et al. 

Furthermore, the Abstract of the Blight et al. reference (see, copy attached which was 
published after the priority date but before the filing date of the instant application) also states; 

"Replication of subgenomic and full-length H77 la RNAs required the highly 
permissive Huh-7.5 hepatoma subline and adaptive amino acid substitutions in 
bothNS3andNS5A." 

In addition, on page 3 1 8 1 , the right column, first full paragraph, Blight et al. also state: 

"Initially, only the genotype lb Conl RNA sequence was replication competent 
in the human hepatoma cell line Huh-7, and adaptive mutations in the HCV- 
encoded proteins were required for efficient HCV replication (2, 9, 13, 16). More 
recently, a second genotype lb isolate, HCV-N, was reported to replicate in Huh- 
7 cells; however, unlike the Conl strain, the HCV-N infectious clone replicated in 
the absence of additional cell culture-adaptive mutations (10). Attempts to 
extend this system to other genotypes have been largely unsuccessful (2, 9, 10, 
14). Despite the ability of RNA transcripts JQrom the genotype la H77 infectious 
clone of HCV to initiate a robust replication cycle in chimpanzees after direct 
intrahepatic inoculation (11), selectable subgenomic replicons based on this 
consensus clone failed to confer antibiotic resistance in a variety of hepatoma 
cells, including the Huh-7 cell line (2)." (emphasis added) 

Therefore, Blight et al. provide evidence that even after the priority date of the present 
application, additional adaptive mutations were often required for self-replication of subgenomic 



RNAs of even genotype la or lb, and therefore it was very difficult to apply the production of 
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self-replicable subgenomic RNAs derived from HCV-N strain of genotype lb (as disclosed in 
Ikeda et al.) to HCV strains of other genotypes. 

Consequently, as suggested in the above documents, the prior art has not successfully 
produced self-replicable HCV subgenomic RNA of HCV strains other than those of genotype 1 
in vitro and so the prior art neither describes nor suggests a reasonable expectation of success of 
obtaining self-replicable subgenomic RNAs derived from HCV strains other than those of 
genotype 1 . Thus, a person skilled in the art would not have been motivated to combine the 
teachings of Ikeda et al. and Kato et al. because the art itself taught that there was not reasonable 
expectation of success for producing subgenomic RNAs of genotype 2a. Applicants therefore 
request reconsideration and removal of the rejection. 

The Examiner has rejected claim 3 as being obvious over Ikeda et al. in view of Kato et 
al as described above and further in view of JP 2002-171978. The Ikeda et al. and Kato et al 
references are described above. The Examiner contends that JP 2002-171978 discloses in 
Sequence 1 of that document the sequences denoted in the instant application as SEQ ID NOS: 9 
and 10. The Examiner concludes that that a skilled artisan would be motivated to combine the 
Ikeda et al and Kato et al teachings with the sequences disclosed in JP 2002-171978 because it 
would allow the production of HCV2a clones and would have a reasonable expectation of 
success. Applicants respectfully traverse. 

Applicants discuss the Ikeda et al and Kato et al references above and note that these 
same facts and arguments apply to claim 3. The disclosure of Sequence 1 in JP 2002-171978 
fails to overcome the negative teachings and lack of an expectation of success, and thus fail to 
cure the void in the Examiner's argument. In other words, the disclosure of JP 2002-171978 does 
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not provide the skilled artisan with any reason to expect anything but failure in producing 
subgenomic RNAs of genotype 2a. Consequently, Applicants respectfully request 
reconsideration and removal of the rejection. 



In view of the above Amendments, all of the claims remaining in the case, including the 
newly presented claims, are submitted to be novel, non-obvious and patentable. Thus, Applicants 
believe the pending application is in condition for allowance. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Susan Gorman (Reg, No: 47,604), 
at the telephone number of the undersigned below, to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1.16 or 1.17; particularly, extension of time fees. 

Dated: March 9, 2009 Respe ctfully submitted. 



Conclusion 



Susan W. Gon^fv 
RegisTOtionisfo.: 47,604 

BIRCHT^WART, KOLASCH & BIRCH, LLP 
12770 High Bluff Drive 
Suite 260 

San Diego, California 92130 
(858) 792-8855 
Attorney for Applicant 
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Efficient Replication of Hepatitis C Virus Genotype la 
RNAs in Cell Culture 

Keril J. Blight,'*' Jane A. McKeatmg, Joseph Marcotrigiano, and Charles M. Rice* 

Laboratory of Vrrofo^ and Infectious Disease, Center for the Study of Hepatitis C, 
Hie Rockefeller University, Mew York, Ne^v York 10021 

Rrtccived 5 September 2002/Acc6ptcd 5 December 2002 

Hepatitis C virui> (HCV) genotyiie 1 (subtypes la and lb) is responsible for the miuority of treatraent- 
reiilstnnt liver disease worldwide. Thus far, eiHcient HCV ItNA repHcation has been observed only for sub- 
genomic and full-length RNAs derived fVom gcnutypu lb Isolflt*???, Here, we njpprt th<! ostftbllshment of eineient 
RNA rcpliputlon systems for genotype 1« strain H77. Rcpliciition of subgenomic and fulMentjth H77 li\ RNAs 
rcc|i»ired the highiy permissive Huh-7*5 hepatoma subline and adoptive amino acid substitutions in both NS3 
«nd NS5A, Replication could be detected by RNA quantification, tiuorescence-actlvnted cell sorting, and 
metabolic labeling of HCV-specific proteins. Replication emdcncles were similar for fiiubgcnomic and full- 
length RNAs and wore most cfliclcnt for HCV RNAs; lacking heterologous RNA dements. Iiitcrostirtgly, both 
subtype ,l,tt and lb NS3 adaptive mutations are surface exposed and present on only one face of the NS3 
structure. The cell culture-adapted subtype la rcplicons should be useAii for basic replication studies and for 
antiviral development. These results are also encouraging for the development of adapted repltcons for the 
remaining HCV genotypes. 



Persistent infection with hcpatitLs C virus (HCV) is one of 
the primary causes of chronic liver disease. Progression to 
chronic active heputilis with cirrhosis occurs in --20 to 30% of 
infected individuals, and HCV-associatcd liver disease is now 
the leading cause of liver transplantation in the Uiiited States 
(7), Getiotypes la and lb, the most prevalent worldwide, have 
the poorest rates of response to the present treatment regimen, 
a combination of pcgylatcd, alfa interferon 2b with ribavirin (4, 
5, 18). 

HCV, a tnember of the femily Flaviviridae, is a small envel- 
oped virus whose genome is a 9.6-Kb sinele-strandeU RNA with 
positive polarity consisting of a 5' nontranslatcd region (NTR), 
a large open reading frame encoding the viros-speciilc pro- 
teins, and a 3' NTR (reviewed in references 1, 15, and 21). The 
5' NTR contains an internal ribosome entry site (IRES) me- 
diating translation of a single polyprotein of -3,000 amino 
acids with the structural proteins (C, El, and E2) located in the 
N terminus and the nonstructural proteins (NS2, NS3, NS4A, 
NS4B, NS5A, and NS5B) encoded in the remainder. The 
NS3-5B coding region is sufllcient for RNA replication in cell 
culture (17), and these proteins are presumed to function us 
components of the HCV rcplicasc. The NS3 protein possesses 
scn'nc protease and nueieosidc triphosphatas^e-helicase activi- 
ties, NS4A is a cefaclor for the NS3 serine protease, and NS5B 
is the RNA-dependeni RNA polymerase. The functions of 
NS4B and NS5A remain elusive, althougl) NS5A, a phosplior- 



" Corresponding author. Present address for Kcrii J. Blight: Depart- 
ment of Molecular Microbiol oj^y, Center for Infectious Disease Re- 
search, Washington Uaivcreity School of Medicine, 660 South Euclid 
Avo., Cnmpus Box 8230, St. Louis. MO 6311.0. Phonei (314) 286-0065. 
Fax: (314) 362'123Z E-mail: bIiglit@borcinLwujitl.udu. Mailing ud- 
drcss tor Charles M. Rice: Lnboratory of Vlrolofiy and Infectious 
Dis^nse, Center for die Study of Hepatitis C, Tlie Rockefeller Uni* 
vcrsity, 1230 York Ave, New York, NY 10021. Phone: (212) 327-7046. 
Fax: (212) 527-704H. E-mail: rlcec@rockefeller.edu. 



ylated protein^ has been a target for adaptive mutation, allow- 
ing elficicnt initiation of HCV replication in vitro (2, 9, 13). 
Amlno acid Kubstitutions in the NS3, and NS5B proteinj? 
can also enhance replication to various degrees (9, 13, 16). 

Initially, only the genotype lb Conl RNA sequence was 
replication competent in the human hepatoma cell line Huh-7, 
and adaptive mutations in the HCV-encoded proteins were 
required for efficient HCV replication (2, 9, 13, 16). More 
recetilly. a second getiotype lb isolate. WCV-K, was reported 
to replicate in Huh-7 cells; however^ unlike the Conl strain, 
the HCV-N infectious clone replicated in the absence of ad- 
ditional cell culture-adaptive mutations (10), Attempts to ex- 
tend this system to other genotypes have been largely nnsyc- 
cessful (2, 10, 14)» Despite the ability of RNA transcripts 
from the genotype la H77 infectious clone of HCV to initiate 
0 robust replication cycle in chimpanzees after direct intrahe- 
patic inoculation (11), selectable subgcnomic rcplicons based 
on this consensus clone failed to confer antibiotic resistance in 
a variety of hepatoma cells, including the Huh-7 ceil line (2). 

Recently, a Huh-7 subline, Huh-7.5, that was hi^jhly permis- 
sive for Coi»l subfienomic and fulHenfith RNA replication was 
isolated (3). This subline facilitated the selection of G41S- 
resistant colonies supporting replication of H77-derived sub- 
gcnomic rcplicons cariying a mutation in NS5A .shown to en- 
hance replication of Conl reph'cons (3). Analysis of replicating 
HCV RNAs In these cell clones revealed additional adtiptation 
in the NS3 coding region that increased the replicativq capac- 
ities of subgcnomic and full-length H77 RNAs to comparable 
levels. 

MATERIALS /\ND METHODS 

Cell cultures. Huh-7.5 cell mgnolaycrs (3) were propagHtcd in Dulbccco's 
modified Eagle medium (DMEM) supplemented -with 10% hcat-inactlvatcd fetal 
bovine ■tcrum (FBS) and 0,1 mM JtoncsRcntial amino acldji (DMEMr- 1Q% Z^BS), 
For cells support iR£ Kubgcnomic ropllcons, 750 fi£ of G4ia (Gcneticin; Gil)co- 
BRL)/mi wii» lidded to the culture medium. 
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FIG. 1. Schcmutic rcprcKcntutlftn C/t I-ICV RNAs used in this study. The 5' nnd 3' NTR iitniCtures ufC fillOWH^ and tipcn reading fmmcs iffi 
depiclfe^d aai open boxes witli the polyprotein cleuvugc produebi indicuted. The first 21. umino uc3ids of the COfti coding fegJon (solid box), the rtvo 
fiana (Neo; shaded box), and the EMCV IRES (EMCV; solid lint) att illuKtraied, The nomcxiclutufc iidoptcd for euch consitnict is displayed on 
the fifiht and throughout tlils report, the HCV RNAs are prefticed by either H or Oonl to indicate H77- or Conl-derived sequonces, rcsiwctivcly. 



o 



FlHitmitI coTif^trMvll^vn. Sluin^urd rccombiniinl DNA icchnology wm uswl to 
COrtSlrUCl Mfid purify 1(11 phiSrtlidt, Frimcd DNA iiiynlhcSlJf VVuS porfofintd SVilh 
KhnTtifjlJ^ ONA pplym^jnisc: (W, B^irnts w^LshinijlOn Vmmn]\^, St. l^ui^, 
Md.), and rogionK uiiipliilcc] hy PCR wore can Armed by uutomutcd nuclootldo 
sequencing, Plasmld DNAs for in vitro tranju^Hptloii ^vc^o prepared from Uirgc 
scale buGteriul cultures and puriiisd by centrifugutian in QCl grudienLi. 

All nucleotides and umino ucid numbcn refer to the ]ocntion within the H77 
fuU-Icngth HCV jjcnomc pOT/HCVFLlongpU (11), commcncmg with the core 
coding rt-gion. The iselccluble replicon, pHCVrcpl3/Nco (H/SG-Nco), and the 
<l«rlvuijw, pMCVrepl3(SJ204l)/Nvo [Il/SG-Nco {])] (Fig. 1), conluining ilie 
,NS5A ffluutlon, S22<W?, hHvo Iwcti dwtrib^d (2), Foi" <h<iS4 subgcnortilc coti- 

amlno-acid Rubstitution changing tho Gly-A<ip-A«ip (QDD) motiJ' In iho active 
site to Ala-Ala-GIy (AAG) {12), and tliroughnut thiK report they are referred to 
as por. All plnsmids were engineered to cuny an Hpal runoff Kite for RNA 
transcnption* generating RNA trQnseripta containing one addidona] U nucleo- 
tide at the 3' terminus. The Conl-derived constructR used in this study have been 
dtt^cribcd prcviDucly (3). 

The plasmid pI-lCVrcpS)0/fA1226D+S2204I [I-i/SC*Ncft (D + I)] (Fig. I), con- 
taining the mutiilbn AlZlfiD In wns constructed hy liyiuing the Drallh 
AVkjI friigrriiSiti of ufcviij^ inmNWipviOri (K'l>PCl< produci iimplifltfi;! from (Olu( 
RNA IsolMcd from cttll done H-2 wing Oi* prlmtw 2424 (5' CCAOCCTGTr 
CACAOCCAATA 3') i»id 24l9 {$' CAtAATAAlTrCTOACCAOTO .V). 

togedwf with (he Kpni-Dmiii and Xhoi'Nsii (n\^m from pf'lCVf<ipi3 
(S2204I)/Nco, Inro pHCVfepl3(S2304r)rt^co cleaved with Kpnl jind Nsll To 
enijlnuar Ihu niutiitlon P14%L In pHCVrtipl 3(52204 t)/N\»o, tlms ctvatiny pH^ 
CVrcp90/in4fl<iL+S2204I [M/SC-Nco (L-Hl)] (Fl^. 1), nuckotldgs 4485 to 4861 
hi NS3 wci-c PGR amplified from pHCVrepl3(S2204I)/Nco u»hig tho imtmn 
primLT 2616 (5' ACTCAGCCGGAGGGGCGCTCCCCCGGTGCCACAAAT 
CrGTACATgCCTAGCTTCCCCCTGCCAaTCCrOCC 3') aiid oligonucleo- 
tide 2617 (5' CTATOCCCCTCGAGG TGA'I'CAAG 3'). The PGR product was 
digested widi A7ioI and Bsll nnd^ together wlih die Bsll-BamUl and BamUl- 
EiolU ErugmeatK from pHCVrept3(S2204l)/Neo, wiis Inserted Ixsiween the 
A%&l-£coRl sites of pHCVrepl3(S2204I)/Neo. 

Tlic rcplicons pNTR-EMCV/I-ICVrcp90(A122r»D+S22(MI) and pNTRr 
EMCV/I-ICVrcp!ra(P1496L+S22a4I) [H/SG-5'HE (D-M) tind H/SG-5'HI3 
(L^Hl)] (Fig. 1) coniiiining the mutations A1226D and \^^A%L, respectively, wore 
constructed by inserting the Kpnl-EcoRl fragment from either pHCVrep^n/ 
A122fiD+S2204I or pHCVrci3yO/P14%L+S2204I bctwcon die K/ml and EoiRl 
ftlKs of pNTR.iEMCV/I-JCVrcp13(S22()4I) (K. I Blight, urtpubllshed dub^). 

The pliisnild pU0/HCVFL(S22O41), containing tlw full-length H77 gctipmo 
witli S2204I in N$5A and an fffkil runoff site, was constructed from p9Q/i-1CV 
FUongpU (K, J. Blight, unpuhllshvd Mn), 'ntis <lffiv{iliv«s, p9CVKU(Al 22615+ 
S22a4l) and p*«)/FL(P14g6U+522l)4I) [I l/Flv (D+I) und | J/Ft (1,+J)J (FIft, 1), 



cojirtunin^ the inuli\tidn» AI226U imd PWJf>U wvre tt^nanutJd by i^plucln^ Uio 
Avrli-Miul portion cf p90/MCVFJ.(S2:04l) with [hoAvi'lUm IVngmtini Oom 
either pMCVrcp9U/A132(>D-+-S22<)41 or pMCVrt:pOO/I'l49fiL+S2204I and the 
mf'Mlul fi-ajfjinetit from pI-ICVropl3(S2204l)/Nco. 

■J'hc Rdcctablc biscistronic ftiU-Icngth HCV clone p90/FL-Nco(P149SL+ 
S2204I) [WFL-Neo (L+1)] (Fig. 1) was uiiriembled in a two-step cloning prooe- 
duiv, First, in a four-piece ligation reaction, the XtMihlhal Itiigment from 
pHCVrcpl3(S2204I)/Nco. the Byul-Aaill friigracnt firom pHCVBMFl,(S2204I)/ 
Neo (3). und the AatlhXhol friigmcnt from p9U/I'lCVFL(S2204l) were ClOncd 
be^vccn the Xbal nnd A7iol iiltcS in pSLllHO (Phurmuciii), gvnt;rti[inif [h<; Itiwr- 
mcdiiUe plHsmId pSLll80/90NTR-C,rNco^EMCV.C;><^^„ Second, the ATwl- 
J<pn\ portion of p9lVHlv(I'l49ClU+S22l)4i)w{tf4 fEpLictd with thaA7jt/r-A7joI frug- 
ment excised from pSL1180/*J()NTR-Ci2-Nco-EMCV-Cm,„. togcdicr with d 
AftrtI-fi/i>iE-dlgcstcd PGR product generated by cxtciKlon of the overlapping oli- 
gonudcoddes 2411 (5' CCy^CCTCGAGaJAGACGTCAGCCTATCCCXiTikAGG 
CACOTCGGCCCGAGG 3') and 2412 (5' CCAGTGQTACCCGGGCrOAGCC 
CAGGTCCTGCCCTCGGGCCOACGTGC 3'). 

To delete the El-p7 coiling region from p.90mCVFL(S2204I), Ihe Kpnl-Msl] 
portion of a PGR product amplified from pyO/l-ICVFL(S22041) widi the forwiird 
primer 2749 (5' GCCCGGCTACCCrTGGCCCCrCT nnd the revcr.Sc 
primisr 2748 (5' CCAGACCACCrCCGWrCCACCOCraAAaCGOGCAC 
OGTCAOOCA y) hnd iho Msll'IhrQl ffutfmeni fwm p90/MCVFL(S2204l) 
were ligaled l)ciwccn the ^>?T and mrO] silcs of p90/HCVFt,(S2204I). Hie 
PL496L mutuiioh ut^d m Hjutl ninoHTsiie were etiglneered between ihcvlivll and 
MM sites In ihl? cottstruct, nanwd p90/PlAE>p7(S2204I), hy Inserting the 
/MMil fm^meru from pHCVt'epW/Pt4%L+S22{)4l, together with the Nxil- 
Mlu\ fnigmCHC from pMCVrep13(S2204f)/Neo. thus ereuUng p90/FLAEl- 
p7(P14<Jr>l,+vS2204I) [H/AEl.p7 (L+1)] (Fig, 1). 

RNA tfiui script ion end clectropDratlon of cultured cqISs. Plitfimid DNAs con- 
iMtifL H?7 smd Conl ficquCrncCR wcri? Ilnciirlzcd with Ifpai and Scal^ respec- 
tively. In vitro transcription wiis performed us described previously (3). DNubc- 
trcatcd RNA transcripts (0^ to 1 ^ig) were cIcctToporatcd into 5 X iO** Huh-7i5 
cells using a BTX ElectroSquavePorator essentially ta described previously (3). 
The transfected cells were plutcd in (i) 150-mm-dinmeter dishes for selection of 
G418''reslstimt colonics, (Jl) 10{)-ram-diamctcr dishes for determining the effi- 
ciency of G41S-re5istDnt colony formation and fluoresce nee- activated cell sorting 
(FACS) analysis, (111) 35- mm-dlanieccr wells for quantifying HCV RNA and for 
motiihoUc labeling experiments, or (iv) clght^well chamber slides (Bccton Dick- 
inson) for Immunofluorescence studios. For dishes requiring G41B selection, 48 h 
after (he cells were plated, the medium wis repriced witli DMEM- 10% FBS 
supplemtfiitcd wlih 1 of 041H/ml, Three wcL'ks lutur, iho resultant foci were 
clthef IsolAwd and expanded for further ani<Jysls or fixed with 7% formaldehyde, 
stiilned with 1% crystal violet in 50% ellumol, and counted to determine G4IR 
tRmsducilor) etnclency (3). 
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IINA vSSttU^JilDrtj UT.1>CU UrttDlMlt^UlOn, Hnd <nM>ntlHcntIun of UCV UNA* 
TotJil Cii\h\\nT RNA wns i^^^]^llcd frcm Cell monolaym lining TRIXOl. rctij^enl 
(OIlKO'BUg utcordlin^ to M rnm^i\\Qi.\mf^ proiotiol und pmdplmad wHh 
l,sopropano]r 'Hw l^NA pclkt \vftshc<l In 80% cthlinol nnti rtSiWifWiitled in 
HjO, TliQ N^S3'5B codltiji idaion wax arapimetJ from tt^tiil wlUilur kNA M- 
triictcd from 04l9.r(?sfeinmt «ll dofWM Jn four overlapping TrtgnicrtTJi by R'l- 
PCR, Approximatflly tO' mplccules of HCV RKA mis^d wlih 5 prtiol of 
HCV-spuciflc primer, und the primur w!W oxcended :it 43.5''C for 1 li in u 5-fil 
reaction mlxmri? wntulnlntt 50 mM Tris-^MCl (pH 8.3), 75 mM KCI, 3 rtlM 
Mfi02, 10 inM dithiotlireltol, 0.5 mM (ouch) doolynuclL»o.'{ldl^ tfl]jIiosph:itti, 4 U 
of RNosin (Pronic£tt)» and 50 U of Supcrscj-lpt II rcvcrsa traaHcriptasc (Gibco- 
BRL). The cDNA/; were tlicn amplified with KJenTaqlA DNA polymcime using 
35 cyclca of <J5"C for 30 h, 55 to fiO'C for 30 », and 6&''C for A min. The PCR 
productB were recovered from prcparDtivc low-melting-point iigurose gel; 'by 
phenol extnictiDni nnd ^40 ng of purified PCR product was directly ficquenced 
with iin ABI 9600 uutonuitic DNA Jicquenccr 

HCV'spccific RNA levels in total cellular RNA prepnrationfi extracted from 
iransfccled Hijfi-7.5 cell monolayers were quantified using prfmen; specific for 
(h*^ r5' NTk in u r«ul-Ume RT-i'CR oswiy m previously described (3). 

rrot cin Uclcttl(>n* TaTunSftCWd Cell mOnOluycnt were removed frOm the 100» 
t«tw-diumt?ler dliih<}Ji, .'Utd a JilfiKl?-«cl1 JiUnpennion Wiw prepared for T=ACS ;^n;jl- 
ysls UK di^ficribcd previously (3). Briefly, wH? were rcsMspcndud mix. iO^ per «j| 
und fixed for 2P mln at room temperature (rt) in a flnul cor^centr^don of 2% 
parafarmaldohydc in jilioBphBte-bufTcifed saltriu (PBS). 'nii» fixed cisllji wufA 
washed tmce in PBS, rcsuspcndcd ut 2 X 10" per ml^ pcrmcabiUzcd for 30 min 
Dt rt in 0.1% saponin- PBS* and utiiincd for 1 h at rt with an HCV-xpecific 
monoclonal antibody to NS3 (10E5/24; 1/500 dilution) kindly provided by Riif- 
(iidii Dfi Frunct;sCO, l^tiiuto di Riccrcbe di Bioiogia Mole col nrc, Rome, Italy 
(19). Botlnt! mOnodoniil antibody wus detected by incubation for 1 li nt rt with 
muUmousa imiuunoijlohulln 0 (1^0) wtijujjytifd AleXu 4HK (MoleCtJlur 
Probes) diluted 1:1,000 in 3% FBS- QA% siiponln- i^OS. llic swirtod wJKs wcw 
washed direo times witli 0-1% -laportln- PBS fmd i*ei5y!<p«>n<3<r'd Itl FACSfl^vw 
bulTcr (BD Biosciences) prior to unidystji UHing a FACSGulibur (BD Bloacionctiji). 

For mcrnboUc labeling expcrimcnta, cell monolayers In 35-nim-diamctcr wclk 
were Incubated for 10 to 12 h in mcdiioninc- und cystcinc-dcfjcicnt minimal 
esiicntial medium containing 2/40 (he normal concentration of methionine, 5% 
dfalyzod PWS. unci Expi'fJSS prottin-hibcling ml* (140 jiCi/mU NEN). Cell lysis 
Mnd immunOprcCipitiiliOn under denuturine cunditlons using HCV-pofiitiS'c pa- 
tl(itttiU!ruitt, JHF (rci;oiiojy.ln|5 NS,\ NS4li, nnd NS5A), J«nd P»n>!Orbin cells luive 
been described prcvlQualy Q), 



RESULTS 

kepHciitiDn of HTT-dcrlvcd subgcnomic rcpHcons. Conl and 
HCV-N, both genotype lb, iite the only two iiiolaics reported 
to replicate in Hiih-7 cells. To test the abilities of Conl adap- 
live mutations to enhance replication of genotype la-dcrivcd 
repliwns, we incorporated the highly adoptive Ser-to-Jle sub- 
stitution in NSSA (S2204I) Into siibgc:nomic rcplicons derived 
from a chimpaoi:ee-in.fectiows H77 genotype la cDNA clone 
(11). Although modeled after the Conl selectable replicons, 
these genotype la-derived rcpiicon:* failed to rcphcatc in 
Huh-? cells (2), The lack of replication might have been due to 
the Huh-7 cellular environment, requirements for different or 
additional adaptive mutations, or a combination of ihejie foe- 
tora, Recently, a Huh-7 subline (Huh-7,5) was established by 
"curing' a cell clone containing a Conl subgenomlc rcplicon 
by prolonged treatment with alpha interferon (3). A majority 
of these culls (>70%) arc permissive for HCV RNA replica- 
tion after tmnsfcction with Conl rcplicons harboring certain 
adaptive mutations (e,^., S2204I) (3). The increased pcrmiji- 
slvcncss of the Huh-7.5 cell line for Conl replication led us to 
reexamine the replica live abihtics of H77 subgcnomic rcpli- 
cons in these cells. 

Two G418-sclectablc rcplicons, HASC-Neo and H/SC-Neo 
(I) (Fig. 1), containing wild-type sequence and S2204I in 
NS5A, respectively, were evnluftied for the ability lo replicate 
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FIG. 2, Detection of HCV proteins in cell clones supporting 1177 
subgcnomic replication. Two d,iys poptsccding, monpiny^jr?! of tht? c:cll 

gJonoK H-1, and H-3 und pnrcntwl Hiih-7.5 cclisi (Mock) wcfc _ 

incubated fer 10 h in the prcstijica of p'S]methioiiiAft und f'"^'S]cys- g 

teitie. Tlie labeJed cells were lysed and Jasmunopf cclptated with HCV- 1 

positive human serum (JHF, anti-NS3. NS4B, and NS5A), and the g" 

lubclsd proteins were separated by SDS- 10% PAGE. The mobilities g- 

of molcculaMuass standards uro indicated on the loft, and the migra- ^ 

lions of NS3, NS4B, and NSSA arc shown on the right. | 

^: 

b 
tn 

Compared to an NS5B polymcriiiJC-dcfcctivc rcplicon, pol"*. In P 
vitfo-synthesiined RNA was electroporated Into JMv76 cells^ i 
and G418 selection was imposed 48 h later. After 3 weeks, a ^ 
few G41S-resistant colonies were visible ^or Wuh-7.5 calls B 
transfcctcd with H/SG-Nco (I), but not with H/SG-Nco and 3? 
H/SG-Neo (por). From two independent electropor« lions, 16 i" 
individual cell colonics were isolated, and HCV replication was ^ 
verified by metaboHcally labeling cell monolayers and immu- ^ 
noprccipitation of HCV antigens. After the separation of la- m 
bclcd proteins by sodium dodecyl sulfatc-polyacrylamidc gel § 
electrophoresis (SDS-lPAGE), NS3, NS4B, and NS5A were 
detected in each cell clone, but not in the parental Huh''7.5 
cells. Data for three of these clones are shown in Fig. 2. Inter- 
estingly, the migration of NS3 differed depending on the clone, 
suggejjting that a modit3CatioTi(i>) within NS3 may have oc- 
curred, 

Identification of adaptive mutations. The low frequency of 
cells supporl'ing H77 replication suggested that adaptive mu- 
tations were generated, allowing replication at a level sufficient 
to confer resistance to G41S. To determine If subgenomic 
RNAs within individual cell clones had acquired additional 
mutations, the NS3-5B coding region was amplified by RT- 
PCR from total cellular RNA isolated from three clones (T-I-l, 
H-2, and 1-1-3 [Fig. 2]) and sequenced The S2204I change in 
NS5A was maintained, but in addition, a singlc-aralno-acid 
Substitution in Ihc hclicasc domain of NS3 was found in each 
clone* For one clone (H-1), a Pj'o-to-Leu substitution at locus 
1496 (P1496L) was identified, while in the other two clones, 
H-2 and IW, Ala at position 1226 was mut^^tcd to Asp 
(A1226D). For an additional nine cell clone.s» the NS3-4A 
coding region was amplified, and sequence analysis of these 
RT-PCR products identified the mutation P1496L in seven 



12-27-09; 16:25 



ret 



;0354250982 



# 9/15 



3184 BLIGHT ET AL. 



J. Virol. 



2.5x10* cells 



B 



SxlO^cells 

























* '* ^ * I . ' 
Hy^O-Nw (L+D 




Okttl/SG-NfeO (I) 
17% 








"■ ■ * % 






2% 






<1/500,000 



FIG. 3, Colony-forming iibiUties of H77 subfienomic RNAs contiiinlng rtiuliuions in (A) I-Iuh-7,5 ccllii were citctropdriitcd with 0,5 
(each) of the subgcnomic rcplicons H/SG-Neo (L+I), I I/SG-Neo (D-f-I). Conl/SG-^Neo (I), and H/SG-Nco (pol"). Fcrty-si^ht hours lrttef» the ccllti 
were iiubjectqd tp G4i8 !?clcctJon. i^nd the resulting colonics were fixed and stained with ci^stal violet. Representative dishes after 2.5 X 10** ceDs 
were pMad iit<? iliiLstTutcd, The percentage below each diah refers to the calculated G418 transduction efficiency of the ropHcon that was 
dtiterirtined by Hcrially titrating transfccted ccDh frgm % X lO'' to 1 M lO^ cells per lOO-mm-diamcter dish, together with feeder cells electroponited 
wltli the poI" rcplicon, The resulting G4l3-rcsisttint foci were counted for ut Icwst three cell densities, and the relative 0418 trunsduction efficiency 
waR expressed as a percenlage Eifter dividing the nun^ber of colonies by the number of eleetroporatcd Huh-7,5 eel)?? initially pl,ited. (B) One 
niicrojBram (each) of the subfifinomic RNAs H/SG-Nco (L+I), H/SG-Neg (L), H/SG-Ncg (D), and H/SG-Nco (por ) wns trtmsfcctcd Imp 
ccUs, and after 3 weeks of G418 sGlectJon, tiie truQiiduction cfllcicncy wus disturmined us dcserihcd for punei A. Dishes ^iccded with 2 X 10-'^ 
clcctroporated cells arc depicted, with tbc relative transduction efficiencies shown below. 
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clones and A1226D in the remainder. In addition to P1496I^ 
one feph'con (H-6) encoded a second NS3 mutation (V1355I). 
Dug to the conservative nature of this substitution; we did not 
investigate Ihc cilcct of the mutation on HCV replication, 
Tlius, of the 12 independent cell clones sequenced at the pop- 
ulation level, only mutations localized within the helicase do- 
main of N$3 were identified. 

Adaptive values Of mutntions identified irt NS3* To analyze 
whether A1226D and P1496L in NS3 conferred an adaptive 
phenotype, these muuttions were independently introduced 
into H/SG-Nco (I) (Fig. 1) to produce H/SC-Neo (D+I) and 
H/SG-Nco (L'M), respectively. Their replication efficiencies 
were compared in H«h-7.5 cells by measuring (he number of 
cells transduced to G418 resistance, The frequeiicy of Huh-y^S 
cells able to support H/SG-Nco (LH-I) replication was 
'-30»000-foid higher than for H/SG-Neo (I), while H/SG-Neo 
(D+T) demonstrated an ~800-fold increase In the number of 
G41S-rcsislant colonies (Fii», 3A). However, the replicativc 
capacities of H/SG-Neo (L+I) and H/SG-Nco (D+I) were 
consistently lower than that of Conl/SG-Neo (I) (—7- and 
'-34-foid, respectively) (Fig. 3A). 



Next, we addressed whetlier these NS3 tnutations couJd coti- 
fcr a replica tivc advantage in the absence of the NS5A S22041 
tnuUUion, G418-rcsist£ml colonics were selected after transfec- 
lion of Huh-7»5 cells with the selectable repHcon H/SC-Neo 
(L) carrying only the P1496L substitution but not the rcpHcon 
containing Aa226D [H/SG-Neo (D)] (Fig. 3B), The calculated 
G41S transduction eflicieney for H/SG-Nco (L) wiis -0.008%, 
ti 250-fold reduction compared to that of H/SG-Neo (L+I) 
(Fig, 3B), demonstrating tliat ?U%U together with 522041, is 
required for efficient H77 subgcnomic RNA replication. The 
low frequency of colonies generated after transfection of 
H/SG-Nco (L) suegcsts that additional adaptive mutations 
may have arisen, which we are investigating further. 

Pfeviously, It was demonstrated that repllciulon of Conl 
subgenomic and genomic RNAs containing adaptive mutations 
could be monitored soon after RNA transfection of Huh-7.5 
cells svithotU the need for G41S selection (3). H77"denved 
subgenomic and full-length HKAn containing either P149(^L or 
A1226D, together with S2204I, were transfcctcd into Huh-7.5 
cells: total RNA was extracted 96 h later, and HCV RNA IcvcJs 
were quantified by RT-FCR, The replicalion-defeciive repli- 
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FIG. 4. Detection of I-ICV proteins and RNA in Huh-7.5 cells transiently transfected with subi>enomic and full-length HCV RNAs. (Top) 
Ninoty-six hours after RNA transfcctlon of Huh-7.5 cells, the monolayerii were labeled with ^^S protein-lnbeling Jiii:itiiro and iyscd, and 
and NS5A were analyzed by immiinopredpitation. SDS- 10% PAGE, and autofHdIofirnpliy, Tlie positions of the molccular-msss standards arc 
given on the left, and HCV-spcdl5c proteins arc indicated on the right. (Middle) Total cellular RNA waji extracted 96 h posttranstcction, and HCV 
RNA levels were quantified as dwcnbed in ,M;n<jrial5 and Methods. The rado of MCV RNA to th*? pol" negative control is shewn (HCV 
RNA/pol")* (Bottom) Ninety-si;^ hours after transfcction, coils wore fixed with 4% parafonnaldebydc, pormeabilizcd with 0A% saponin, i^tutncd 
for HCV NS3, iiTid analysed by FACS. The pcrcentagcji of cells cTCpressing NS3 relative to tm iSOtypc-matchcd irrckvaiit IgG ure diifplayed. Vtilwtn 
of <1% were considered neigative (~). ND^ not determined. 



con, H/SG-Neo (pQP)> was transfected in parallel 10 allow 
discrimination between input KNA and that ^generated by pro- 
ductive replication, HCV RNA levels relative to the pol" con- 
trol were higher for the subgcnomic rcplicons (H/SG-Nco and 
containing P1496L and S2204I thun for tliose 
harboring the A1226D and S2204I combination (Fig, 4; com- 
pare sample 4 to 5 and 7 to 8), The levels of H/FL (L+1) and 
H/FL (D+I) RNAs were ~120- and -Wold higher than that 
of pol~ (Fig. 4, samples 10 and 11), consistent with the rcpli- 
cative ability of subgenomic RNAs carrying the same muta- 
tions» However, H77 subgenoniic RNA levels were —5 to -"IB- 
fold lower than those observed for Conl-derived replicons 
[ConiySG-Neo (I) and Conl/SG-5'HIS (J)] (Fig. 4, compare 
sample 4 to 3 and 7 to 1), whereas H77 and Conl fulJ-lcngth 
rcpliculion rates were comparable (Fig. 4, samples 9 and 10), 
We ai^o e:>:aniined HCV protein expression by immunopre- 
cipi Cation and FACS analysis. The levels of ^^S-labelcd NS3 in 
Huh.7.5 cells tranjifected with H/SG-NcO (L+I) and H/SG- 
5'1-lE (LH-T) were lower than those of the corresponding Conl 
subgcnomic rcplicons (Fig, 4, compare lane 4 to 3 and 7 to 1), 
wlicrcas NS3 was undetectable in cells Iransfcclcd with rcpli- 
cons carr/ing the A1226D change or pol" (Fig. 4), NS4B and 
NS5A were visible above background only in Conl/SG-5'HE 



(I) and Conl/SG-Neo (I) RNA-transfected cells (Fig. 4, lanes 
1 and 3). Tlic frequency of HCV antigen-positive cells quan- 
tiHed by FAC5 analysis yielded trends simitar to those noted in 
the rcplicon RNA levels, where 17% of cells stained positive 
for NS3 ai'ter transfection of H/SG-5'HE (L4-I) RNA com-' 
pared to 3% for H/SG-5'HE (D+-I) RNA (Fig. 4). As ex- 
pected, a higher percentage of cells transfected with Conl/SG- 
5'HE (I) expressed N$3 (74 and 65%) (Fig. 4 and 5B). For 
full-length RNAa, a lower frequency of NSS-positive cells was 
evident in H/FL (D+1) than in EI/FL (L+I) (2 versus 17%), 
and -'•■'^S-labeled NS3 was detectable only in Huh-7.5 cells trans- 
fected with HypL (L+I) (Fig. 4, lanes 10 and 11). Similar 
frequencies of NS3 antigen-positive cells were observed after 
transfection of Huh-X5 cells with full-length and subgcnomic 
H77 rcplicons carrying the P1496L and S2204I mutations, and 
they were comparable to those seen with Conl-derived full- 
length RNA [Conl/FL (I); ~14%] (Fig. 4 and 5B). These 
results arc consistent with our earlier observation that sub- 
^enotnic and full-length H77 RNAs containing P1496L and 
S2204I have the highest replicativq capacities in Huh-7.5 cells, 
Furthermore, wc found that subgcnomic and full-length RNAs 
replicate to similar levels, in contrast lo Conl, where sub- 
genoniic rcplicons establish replication in a greater proportion 
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FIG, 5. Rcplicfition of HCV RNAs wirh nnd without heterologous elements. (A) Huh'7.5 cells were transfcctcd with 1 \hg (each) of full-length 
und subgenprnic I^NAii, and 2 ^ 10^ ecIJjj were pimcd In SS-mm-diwrncEcr wcJls, Ninety-six hours posttransfcction, the Huh-7.5 eelis were; lubcJcd 
with ["S]incthioniTic and PSJcystcinc for 10 h. The cells were lyscd. and HCV proteins wore isolated by inimunoprcdpitation using a puticnt 
s^jrum specific for NS3, NS4]e, and HCV proteins and the positions of protein molccuIar-mass stundiirds (in tcilodaltons) «rc .^hown, in hmtn 
1, hulf the umouTit of immwnoprceipitatcd sftmplc wjts loydcd (0.5x), The rutio of HCV RNA rciiuivc to the poJ~ negative control (HCV 
RNA/pol^) is shown below each lane. (B) Tranfifcctcd Hiih-7.5 cells were Jrxcd with 4% p.ir.n formaldehyde and pcrmcabilizcd ^v^th 0.1 % siiponm, 
and the frequency of cells expressing NS3 antigen was qiinntilied by FACS. The percentage of cells expressing NS3 relative to poi"'transfcctcd cells 
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and iin isotyiitt-matched IgG was determined and is shown In tlie upper left corner of each plot. The median fluorescence intensity of the gated 
positive cells is shown m the upper right corner of each plot. FSC-H, forward scatter; FLl-H^ fluorescence. (C) One microgram (each) of H/PL-Nco 
(L-i-1) andH/SG-Neo (poI") RNA was electropora ted into Muh-7.5 cells, and 2 X 1 0** cells wtsre plated on lOO-mm-diametcr dishes. G41 8 selection 
was applied 48 h posttransfcction, and after 3 weeki in culture, G41B-resjIsitant foci were fixed and stained with ciystal violet, Tl\e transduction 
efficiency, displayed below each dish, was determined as described in the legend to Fig. 3. 
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of cells than constructs containing the complete codin;^ se- 
quence (Fig. 4) (3), 

Rcplicativc abilities of subRcnomic and fiiH-IcngCh RNAs. 
Both and Conl-denved subfienomic replicons lacking the 
neo gene appear to initiate replication more efficiently than 
sclcctiible subgenomic RNAs (Fig. 4) (3). To investigate these 
observiittons further, we compared the replication efficiencies 
of a number of subgenomic and genomic H77 RNAs in the 
presence or absence of heterologous elements. Besides iht 
sclcctabJc bicisironic replicons (SG-Neo [Fig. 1]) and the rep- 
licons in which the HCV 5' NTR was fused to the encephdlo- 
myocarditis virus (EMCV) IRES (SG-5'HE [Figv ;!])♦ a repli- 
con was constructed in which the 5' NTR was followed by the 
entire core sequence fused directly to the NS2-NS5B coding 
region and the 3' NTR such thai cleavage at the corc-NS2 
junction would be mediated by signal peptidaise and translation 
was under the control of the homologous IRES [H/AEX-p7 
(L+I)] (Fig. 1). In parallel, wc tested the H77 fiilWcngth 
monocistronic RNA [H/FL (L+I)] (Fig* 1) and a bicistronic 
derivative [H/FL-.Neo (L+I)] (Fig. 1), where the HCV 5' NTR 
mediates nco gene translation and the EMCV IRES drives 
corc-NS5B expression. Both subgenomic and genomic con- 
structs were engineered to carry PX4%L and S2204I. Ninety-six 
hourii after the tranjifcction of Huh-7,5 cells, the relative levels 
of HCV RNA and protein were measured as described above* 
A 280-fold increase in H/AEl-p? (L+I) RNA over pol" was 
observed (Fig, 5A), whereas modest increases in HCV RNA 
were evident for H/SG-Nco (L+I) and H/SO-5'HIS (L+I) 
(-^60- and -140-fold) (Fig. 5A). A higher frequency of Huh- 
13 cells expressed NS3 antigen after electroporalion with 
H/AEl-py (L+I) (29%) than after electroporution with li/SG- 
5'HE (L+I) (18%) and H/SG-Neo (L+I) (8%) (Fig. 5B), 
antigen levels in the H77 RNA-Lnmsrecled cells, as determined 
by the median fluorescence intensity of the gated antigen- 
positive cellSp were similar, suggesting comparable levels of 
RNA translation and/or protein stability per cell (Fig. 5B), The 
relative amounts of immunoprccipitated ^"^S-Iabclcd NS3 par- 
alleled botli the frequency of NS3-p05itive cells and the relative 
HCV RNA levels (Fig. 5A). After transfcction of H/FL (L+I) 
RNA into Hub-7.5 cells, HCV RNA levels increased 110-fold 
relative to pol~ (Fig. 5A), 14% of cells e?cpressed NS3 (Fig, 
5A), and ^^"^S-labeled NS3 was visible (Fig. 5A, lane 5). In 
contrast, HCV RNA levels for H/FL-Neo (L+I) were no 
greater than those of the poi" control (Fig. 5A), and NS3 
expression was not detectable by FAGS (Ftg, 5B) or metabolic 
labeling (Fig. 5A, lane 7), suggesnng that this construct was 
replica lion defective. In spite of these results, G418-seleeled 
colonies were detectable with a relative transduction eJTiciency 
of 0.03% (Fig. 5C). Taken together^ these findings suggest that 
H77 RNA replication is more cFiclent for subgenomic and 
genomic constructs that lack the nco gene and tlie EMCV 
IRES. 

DISCUSSION 

HCV replicons derived from Lhe genotype lb isolates Conl 
and HCV-N are replication competent in Huh-7 cells (2, 3, 9, 
10, 13, 16, 17). Earlier efforts to select stable colonics after 
transfcction of Huh-7 cells with H77-derived subgenomic 
RNAs were unsuccessful* despite the inclusion of the highly 
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adaptive S2204I change in NS5A tliat was identified in the 
Conl genetic background (2)» We reasoned that additional or 
alternative adaptive mutations might be required for replica- 
tion in these cells or that Huh-7 cells were not permissive for 
H77 replication. In this study, wc demonstrated that replica- 
tion of subgenomic and full-length RNAs derived from the 
H77 infectious done was dependent upon using the Huh-7 
subline Huh«7.5. For reasons that are not yet clear, these cells 
possess a cellular environment highly permissive for the initi- 
ation of Conl replication (3). The ability of H77-dcrived rep- 
licons to replicate in Huh-7.5, but not in the Huh-7 purental 
cell linCt furttici' emphasizes the importance of cellular factors 
for HCV replication. 

Although a connprehen«iive study remains to be done, our 
results suggest that efficient H77 rcplicalion in Huh-7.5 celU 
may require at least two adaptive mutations. Initially, G4a8- 
resistant colonies were seen only with transfcetcd subgenomic 
H77 RNAs containing the S2204I adaptive change in NS5A, tn 
all cell clones analyzed^ replicating RNAs had acquired a sec- 
ond amino acid substitution in the hclicase domain of NS3 
(A1226D or PH96L)* Both these mutations, when combined ri 
with NS5A S2204I, enhanced the colony-forming ability of S 
subgenomic H77 RNA and allowed the detection of HCV • 1- 
RNA and proteins 96 h after RNA transfcction of either Sub- S. 
genomic or genomic replicons* Interestingly, replication was ^ 
greatest for H77 RNAs carrying P1496L in NS3 and S2204I in | 
NS5A. Although S2204I in NS5A increased the rcplicative ^• 
capacity of H77-dcTivcd replicons, wc were able to select g' 
G418-resistant colonies following transfection ot subgenomic P 
RNAs carrying only P1496L in NS3. Although the P1496L ^ 
substitution may be sufOcient for replication, the low frequency ^ 
of G4l8-rcsistant colony formation with these transcripts sug- g 
gcsts that an additional adaptation(s) may be required. Exper- J 
iments are in progress to explore this possibility, with the hope §" 
of finding more optimal combinations of adaptive mutations ^ 
for subtype la replication. Interestingly^ NS3 P1496 is poorly ^ 
conserved among HCV isola tes, with Me t and Gly fou nd al this lo 
position for genotype lb isolates Conl and HCV-N, respec- § 
tivcly. Given the apparent flexibility of this residue, it will be 
interesting to test the eJfects of other substitutions at this 
position. 

Adaptive mutations in NS3 have been reported in two other 
studies (13, 16). Lohmann et nl and Kreiger et al, identified 
and analyzed several spontaneous NS3 mutations individually 
and together for effects on replicstion. The mutations R1283G, 
E13S3A» and K1609E had 7-, 2-, and 3.5-fold increases in RNA 
replication, respectively, compared to the wild-type Conl sub- 
genomic replicon, while K1577R had a modest decrease of 
~2-fold. However a rcplicon that harbored all four mutations 
displayed a 10-fold increase in RNA levels over the wild-type 
sequence, Kreiger and coworkers isolated two other mutations, 
E1202G and T12S0I, which displayed 14- and 7-fold increases, 
respect Ivdy, compared to the parental wild-type sequence. A 
replicon containing both mutations (E1202G and T1280I) dis- 
played an additive ciTcct, with a 25-foId increase in RNA levels. 
Interestingly, the three studies (including this one) failed to 
find a mutation at the f^ame position within the protein; how- 
ever, seven of the eight mutations arc located within the hcli- 
case domain of NS3. These NS3 mutations generally act syn- 
ergistically with mutations in NS4B or NS5A to enhance 
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FIG. 6. Locations of NS3 iidaptivtt mutaiions, SoIvcnt-iicctssibJe 
sulfate of the NS3/4A Crystal stmeturc (73) higliHglitlng the lofiuliCins 
of si^vcrul uduphV(; mulalionH* Adaptive mututi^jn.s tlcscribcd in this 
piipcf i\Tt colored blue, while published mulutiiins fftim referenced 13 
und 16 ure dolorcd red and green, reSpeetively, The seven conserved 
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replication. In an attempt to dctcnninc if these adaptive mu- 
tations cluster within the three-dimensional structure^ the lo- 
cation or each position was niappcd onto the structure of 
NS34A (23) (Fig. 6). As noted earlier (13), mutant residues 
were located on the solvent-accessible surface^ with the excep- 
tion of l2S0t which is buried. Interestingly, residue 1280 niiikes 
several van dcr Waals contacts with the solvent-exposed resi- 
due 1283, also identified as a position for nn adaptive mutation. 
The seven helicase mutations appear to be confined to one 
surface of the helicase domain (compare Fig. 6 A and B with 
C)» Although these mutations arc not located within the seven 
conserved sequence motifs of RNA helicases (Fig, 6), they do 
appear to reside on adjacent surfaces of the active site. 

The mechanism by which the changes in NS3 and NS5A act 
individually and often synergistically to enhance HCV replica- 
tion Is unclear. Since the function of NS5A in RNA replication 
is unknown, possibilities range J:rom direct alterations in rep- 
licase activity (via interaction with other HCV nonstructural 
proteins or cellular factors) to modulation of the cellular en- 
vironment, including host antiviral defense pathways (22). For 
NS3, although the role of the HCV RNA helicase activity in ^3 
replication is not known, adaptive mutations could affect RNA S 
binding, enzymatic activity of the hehoase, or higher-order i- 
interactions in the replicase that enhance the efficiency of g. 
productive replication. In future studies, it will be interesting to 2; 
ejcamioe the eltects of diJl'erent adaptive mutations on the | 
relative s/ntheses of positive- and ncgativc-strand RNAs. ^ 
However, to understand the mechanism(s) of cell culture ad- S 
aptation» it is clear that more work is needed to dciinc the 3 
components and the higher-order structure of m active HCV J 
replicase. ^ 
For H77-dcrived subfecnomic repliconS; the inclusion of the § 
ncQ gene or the EMCV IRES generally decreased the ability of 5 
ElNAs to initiate rephcation. For instance, transient analyses g 
demonstrated the hierarchy of replication efficiencies ^ 
H/AEl"p7 (L-M) > H/SG-5'HE (L+I) > H/SG-Neo (L+I), ^ 
demonstrating that the EMCV JRES k not a requirement for 'ro 
efficient expression of the HCV replicase region and replica- g 
tion in Huh-7 cells, A similar trend has also been seen for 
Conl-dcrivcd rcplicons, where Conl/SG-5'HE (I) initiates 
replication more efficiently than Conl/SG-Neo (1) (this report 
and reference 3), In the case of replicons containing the full- 
length polyprotein, addition of the neo-EMCV IRES module 
also decreases replication ejTiciency» although C4lS-resisiant 
colonics can be selected for both H77 and Conl bicistronic 
derivutives (this work and references 3 and 20). Hence, both 
subgenomic and full-length HCV RNA replicadon can now be 
studied in the absence of heterologous sequences. Further- 
more, inclusion of these or other adaptive mutations* as well w 
minimising or eliminating non-HCV sequences, may help to 
enhance replication of other, as yet nonrcplicaling HCV ge- 
notypes or strains. 
Full-length Conl RNA replicated in -1S% of Huh.7.5 cells 



moiil^ of ihti RNA hiilicnse ure coiorod cyan. Tlie numberijig corre- 
sponds to the gcnfltypc 1 stucjucncfis. (A) The NS4A peptide and 
protL'iisc dOmuin are On the right, with thtt lielicuse domain on the left. 
(B und C) Rdtntions (90 and 180"^ respectively) about a vertical a.\is 
(reprtJJiBntcd by the iiirOW in punel A). 
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compared to -65% for the subgcnome [CQnl/SG-5'HE (I)], 
whereas the replication elTicicncics of H77 subircnomic [H77/ 
SG-5'HE (L+I)] and genomic HCV RNAs were comparable 
(15 to 18%) (Fig. 5B). Moreover, the levels of NS3 per cell 
(mean fluoresceflce intensity [Fig. 5B]) were similar for all 
RNAs except CQnl/SG-5'HE (I), where it was twiw that of the 
other RNAs. Thfa surprising difference in rcplicativc capacity 
between H77 and Con I fiubgenomic and full-length RNAs 
underscores the importance of studying more than one isolatet 
Thus tar, there is no evidence for HCV particle assembly 
and release from Huh-7 celts supporting replication of Conl 
(3, 20) or HCV-N (10) fulUcngth RNAs. Although Huh-7 cells 
may be nonpermissive for one or more of these steps, it is not 
known whether this will be generally true for all HCV geno- 
types. The well characterisied H77 strain is highly infectious in 
chimpanzees and replicates to high titers, suggesting that it 
m^y be o good candidate for establishing a complete replica- 
tion cycle in cell culture. Since the BlE2 glycoproteins are 
retained in the endoplasmic reticulum (ER) via retention sig- 
nals in their C-lerminal hydrophobic tails 8)i assetnbly (pre- 
sumably in the ER or an ER-Golgi intcimcdiuic compartment) 
and reieafie of HCV p^^rticles shqyld be associated witii move- 
menl of viral particles and their surface glycoproteins through 
the sccretoiy pathway. This should result in transit through the 
Golgi and the acquisition of complex N-h'nkcd glycans. Al- 
though endoglycosidase-H sensitivity of the liCV H77 glyco- 
proteins has not been examined, the E2 staining pattern is 
consistent with ER relention in cells transfected with full- 
length cell culture-adaptive RNAs (data not shown). Whetlier 
a low level of particle release from these cells is occurring is 
under study. 

In conclusion, we have established a cell culture system for 

replication of HCV RNAs derived from the infectious H77 
isolate. These genotype la subgenomic and full-length rcpli- 
cons should be useful for basic studies of MCV FLNA replica- 
tion and HCV-hosl cell inleraclions and for antiviral drug 
screening and evaluation. 
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